INTRODUCTION
Methods of inducing multiple births in cattle, as by treatment with FSH or PMSG, are receiving much attention. Hammond (1949) and Gordon, Williams & Edwards (1962) reported that a single injection of PMSG could induce multiple ovulations and multiple pregnancies, though there was considerable variation among animals in the rate of ovulation. Treatment with FSH has been shown to produce less variable ovulation rates, but a series of injections of the hormone is required due to its short half-life compared to that of PMSG (Dziuk, Donker, Nichols & Petersen, 1958) . Fecundity (% of calves weaned/ cows treated) was 108% in lactating beef cows treated with PMSG and 104% in lactating beef cows after FSH treatment (see Bellows & Short, 1972, for details) .
After administering PMSG to lactating beef cows, plasma oestrogen and LH levels were greater in cows with multiple ovulations than in cows having one ovulation (Henricks & Lamond, 1972 (Lamond, 1970 (Lamond, , 1972 . Further advances in the use of PMSG will depend on a better understanding of the effect of PMSG on endogenous hormone patterns and interrelationships. Variables Each heifer was mated to two bulls. Between 3 and 8 days after mating, all cows were slaughtered. For each heifer, the number and size of CL and follicles and the weight of the ovaries were determined. The number of CL at slaughter was assumed to represent the number of ovulations. Ova were col¬ lected and examined for the appearance of blastomeres and the presence of spermatozoa in the zona pellucida.
Assay ofplasma for hormones
All plasma samples were assayed for total plasma oestrogen concentration using radioimmunoassay. A description of the procedure and its validation in our laboratory has been reported previously (Henricks, Dickey & Hill, 1971) . The supply of [6,7-3H] oestradiol-17/? (specific activity of 40 Ci/mmol) was purchased from New England Nuclear Corp., Boston, Mass. Plasma LH concentration in all samples was determined by a double antibody RIA as adapted from the method of Niswender, Reichert, Midgley & Nalbandov (1969) . Antiserum against bovine LH (B-225) was used at a dilution of 1:100,000. Bovine LH (LER-1072-2) was used for iodination with sodium
[131I]iodide (Iso-Serve Division, Cambridge Nuclear Corp., Boston, Mass.) and for preparation of the standard concentrations of the hormone.
The plasma concentration of progesterone was determined by a radioimmunoassay adapted from the method of Thorneycroft & Stone (1972 A buffer (pH 7-0) consisting of 0-01 M-sodium phosphate, 0-9% NaCl and 0-1% Knox gelatine was used to make the solutions of antiserum, radioactive progesterone and the suspension of dextran and charcoal. The final incubation dilution of the antiserum was 1:30,000. The incubation time for the hormoneantibody reaction was 2 hr. Dextran-charcoal suspension (1 ml) was added to each tube to separate free from antibody-bound hormone.
In our laboratory, this assay gave the following reliability data: 200 µ plasma from an ovariectomized cow gave a mean concentration of 25-5 + S.E. 4-9 pg (n = 13) ; the same plasma fortified with 20, 100 and 300 pg and run in duplicate gave corrected concentrations of 16 and 18, 110 and 135, and 280 and 310 pg, respectively; 200 µ distilled water gave a concentration which never exceeded 12 pg which is equivalent to 0-06 ng/ml; samples from a pool of plasma obtained from a cow on Day 11 of an oestrous cycle were included in every assay, and these gave a mean concentration of 7-8 + S.E. 0-3 ng/ml (n = 22) and an interassay coefficient of variation of 15-3%; the mean difference between concentrations from duplicates of random samples placed in each assay was 0-25±S.E. 0-03 ng/ml (n = 24).
RESULTS
Ovarian morphology and fertilization data are presented in Table 1 The effect of PMSG treatment on mean plasma oestrogen concentrations is shown for the three groups of cows in Text- fig. 1 . The mean rates of increase in oestrogen concentration were 0-08, 1-0 and 1-2 pg/ml/hr for Groups 1, 2 and 3, respectively, measured over the 4-day period before oestrus. The rates were significantly different from one another (P<0-05). For Group 2, the maximum concentration of plasma oestrogen was related to the interval from PMSG injection to oestrus (r = 0-82, <0·013, = 8). Plasma oestrogen was not correlated with follicle number at slaughter or the maximum plasma LH concentrations at oestrus. For Group 3, the maximum oestrogen concentration was not correlated with any of these parameters.
The assumed quantity of oestrogen secreted during the period of increasing blood levels (based on the area under the individual curves) was related to the number of ovulations (Text- fig. 2 ). Ovulation rate generally was related to the total amount of oestrogen but the slope of the regression line was steepest in the group that received the highest dose of PMSG.
It should be noted that, in the untreated cows (Group 1), the progesterone concentration had fallen to less than 1 ng/ml at about the same time that the oestrogen concentration exceeded 10 pg/ml. In the animals treated with PMSG, oestrogen levels began to increase before progesterone levels reached During the first 12 hr of oestrus, oestrogen levels in Group 2 fell rapidly to a concentration of 10 pg/ml, which is similar to that found in Group 1. In Group 3, however, the level fell only slightly from a peak level of 36-3 pg/ml to 28-9 pg/ml.
The effect of PMSG treatment on plasma LH concentrations during the period before and after oestrus is shown in Text-fig. 3 . During the period after injection of PMSG until about 6 hr before oestrus, there were no significant differences between groups in the plasma LH concentrations ( >0·05). In Groups 2 and 3, the mean LH levels began to increase about 6 hr before oestrus, reaching peak levels at the time oestrus was detected. In Group 1, mean LH concentrations did not begin to rise until after oestrus was detected, the peak levels being observed 6 hr later. Six of the eight cows in each of the treated groups compared with two cows in the untreated group had exhibited maximum levels of LH within 3 hr after the onset of oestrus. There was no correlation between number of ovulations and the maximum level of LH during oestrus in either Group 2 (r (Lamond, 1960) It is generally believed that an increase in oestrogen level is involved in the 'LH surge' at oestrus (Sawyer, 1964; Scaramuzzi, Tillson, Thorneycroft & Caldwell, 1971 ). There was a relation between the total amount of oestrogen produced and the time of the 'LH surge' among the treatments-the greater the oestrogen production, the earlier the surge. There was no consistent relation, however, between the beginning of the oestrogen rise (or the occurrence of the oestrogen peak) and the LH surge. Clearly, the controlling mechanisms have to take into account an interaction between progesterone and oestrogen, as well as the rate of growth of follicles. The low correlation between the LH output during oestrus and ovulation rate indicates that secretion of LH or its utilization is not a strict function of the number of large follicles which are induced to grow.
